Introduction {#sec1-1}
============

Cysticercosis is the parasitic disease caused by the larval stage of *Taenia solium* (pork tapeworm), the *Cysticercus cellulosae*. Areas of endemic disease include Central and South America, India, China, Southeast Asia, and sub-Saharan Africa.\[[@ref1][@ref2]\] Saran *et al*.\[[@ref3]\] proposed the use of fine-needle aspiration cytology (FNAC) in diagnosing cysticercosis. Currently, other diagnostic tools such as radiologic imaging, serology and immunologic detection are also in use, but the gold standard still remains the demonstration of the parasitic larva.\[[@ref4][@ref5][@ref6]\] Thus, fine-needle aspiration (FNA) which provides direct and specific diagnosis of cysticercosis remains one of the ideal diagnostic procedure wherever the lesion can be approached easily by FNAC. The diagnosis is further reconfirmed by the histopathological examination of the excised specimen.

This study, apart from studying the role of FNAC in the diagnosis of cysticercosis was also aimed at analyzing the incidence, clinical features and cytomorphology of the parasite. In addition, in those cases where the actual parasite could not be demonstrated, other cytological features suggestive of cysticercosis were also looked for.

Materials and Methods {#sec1-2}
=====================

Fine-needle aspiration cytology is an outpatient procedure. Currently, our center carries out more than 3000 FNACs every year. In this retrospective study, spanning over last 10 years from April 2003 to March 2013, the records of all those patients who were finally diagnosed as cysticercosis on FNAC were retrieved. During this period, more than 25000 FNACs were carried out at our center. There were 137 patients, presenting with palpable nodules at different sites where diagnosis of cysticercosis was established. Subsequent excision biopsy was also evaluated wherever possible. The histopathological sections were reviewed, and findings were correlated with the cytological findings.

Results {#sec1-3}
=======

This study included 137 patients in the age group 2-75 years. There was no sex preponderance and the incidence was almost equal among males and females. Peak incidence was observed in the second and third decades (65.7%). The disease was uncommon in the elderly population \[[Table 1](#T1){ref-type="table"}\].

###### 

Age distribution of patients (*n* = 137)
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The most common affected site for the lesions was upper extremity, followed by the head and neck in our series. Chest and abdominal wall were also affected in a significant number of cases. Multiple foci were present in 5 patients (3.6%) \[[Table 2](#T2){ref-type="table"}\].

###### 

Anatomical distribution of lesions in patients (*n* = 137)
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Most the patients presented with painless, slow growing nodule with consistency varying from soft to firm. The size of lesion varied from 0.5 to 6 cm in diameter. Associated regional lymphadenopathy was uncommon and present only in 5 cases (3.6%). The duration of disease varied from a week to many years; however, most patients had a history of only a few months (43.8%). The clinical diagnosis at the time of the first examination was not cysticercosis. In 95 cases (69.3%), the aspirate was clear fluid, varying in an amount from a few drops to 15 mL. Cytocentrifuge preparations were made when the amount of fluid was significant. The aspirate was purulent in 23 (16.8%) cases, whereas it was blood mixed in 18 (13.1%) and granular or particulate in 1 case \[[Table 3](#T3){ref-type="table"}\].

###### 

Comparison of gross and cytological findings with those in a previous study
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In 129 cases, actual parasite structures were seen in the smears. In 88 (64.2%) cases, multiple fragments of parasite were present, while in 41 (29.9%) cases, only one fragment was present. In 11 (8%) cases, degenerated forms were also seen. Hooklets were present in 38 (27.7%) cases while suckers were seen only in 3 (2.1%) cases. Calcific corpuscles were observed in 60 (43.8%) cases while 23 (16.8%) cases demonstrated calcification. The microscopic examination of smears revealed the bladder wall in 129 (94.2%) cases. The bladder wall comprised of outer acellular pinkish layer, following which were seen subcuticular or tegumental cells with small pyknotic-looking nuclei set in a loose, fibrillary parenchyma with varying vacoulation \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. In one of the aspirate, full scolex was seen with attached crown like a row of hooklets, four suckers, followed by the neck and then the spiral canal \[[Figure 3](#F3){ref-type="fig"}\]. Hooklets were refractile and triangular in shape with a pointed end and two blunted \[[Figure 4](#F4){ref-type="fig"}\]. In 2 cases, acellular parasitic wall with attached giant cells and palisading histiocytes was seen. The inflammatory cells were also seen surrounding and infiltrating parasite fragment \[[Table 3](#T3){ref-type="table"}\].

![Aspirate smear showing the fragment of parasite (Giemsa, ×100)](JCytol-31-68-g004){#F1}

![Smear showing bladder wall comprised of -outer acellular pinkish layer, following which were seen subcuticular or tegumental cells with small pyknotic-looking nuclei set in a loose, fibrillary parenchyma with varying vacoulation and occasional calcific corpuscle (Giemsa, ×400)](JCytol-31-68-g005){#F2}

![Aspirate revealing scolex of *Cysticercus cellulosae* with attached hooklets and suckers (Giemsa, ×100)](JCytol-31-68-g006){#F3}

![Smear showing characteristic hooklets of *Cysticercus cellulosae* (Giemsa, ×1000)](JCytol-31-68-g007){#F4}

The background of the smears were typically pink granular in 81 (59.1%) cases, clean in 36 (26.3%) cases, necrotic in 18 (13.1%) and reactive in 2 (1.4%) cases. The smears showed a mixed inflammatory infiltrate comprising neutrophils (49.6% cases), lymphocytes (62%), eosinophils (39.4%), plasma cells (40.1%), histiocytes (75.9%), and giant cells (46%). Collections of histiocytes were noted in 34 (24.8%) cases. In 35 (25.5%) cases, well-formed epithelioid cell granulomas were also present. In 48 (35.0%) cases, scattered epithelioid cells were seen. These cases were subjected to Ziehl Neelson staining and the hooklets were found to be acid fast when present, whereas there was no evidence of any acid fast bacilli. Fibroblasts, degenerated inflammatory cells, granulation tissue fragments were also seen in a small proportion of cases. Scattered bare parasite nuclei and histiocytes with engulfed such nuclei were seen in 8 (5.8%) cases.

In 8 (5.8%) cases, parasite was absent. However, suspicion of a parasitic lesion was made in view of a clear fluid aspirate and the presence of eosinophils, neutrophils, palisading histiocytes, and giant cells in a typical pinkish granular background along with calcareous corpuscles. Excision biopsy and subsequent histopathological examination confirmed the diagnosis of cysticercosis in seven of these cases \[[Figure 5](#F5){ref-type="fig"}\], while in the remaining one case; the histopathology was suggestive of parasitic cyst.

![Histological section showing *Cysticercus cellulosae* (H and E, ×100)](JCytol-31-68-g008){#F5}

Discussion {#sec1-4}
==========

Cestodes have a lifecycle characterized by two stages- larva and adult, besides an egg phase. The human is a definite host and pig is an intermediate host. The larval form of *Taenia solium* that is, *Cysticercus cellulosae* is the cause of cysticercosis. The adult form lives in the intestine of human beings. It attaches to the intestinal wall by a scolex and sheds gravid proglottids,\[[@ref2]\] which are passed into the soil or water, where the eggs are released. When an intermediate host (i.e., pig and sometimes human) consumes the eggs,\[[@ref3][@ref5]\] oncospheres are released. These burrow through the intestinal wall to reach various tissues of the host through hematogenous route, where they develop into encysted cysticerci or bladder worms.\[[@ref8]\] The lifecycle completes when undercooked meat is eaten, then the cysticerci are released and attach to the intestinal wall of the definite host (i.e., human) and develop into adult worms.\[[@ref9]\]

The cysticercus secretes certain substances locally (e.g., paramyosin, taeniastatin), which alter the host immune response. Both cellular as well as humoral immunity are affected.\[[@ref10]\] With passage of time, somehow these mechanisms become ineffective, and the inflammatory response leads to degeneration of the parasite, granuloma formation and calcification.

The clinical manifestations depend on location and number of lesions at a particular site.\[[@ref11]\] The most frequent sites affected are skeletal muscles, subcutaneous tissue, brain, ocular tissue, heart, liver, lungs, and peritoneum.\[[@ref3][@ref12][@ref13][@ref14]\] In our series \[[Table 2](#T2){ref-type="table"}\], upper extremity was the most common site to be affected, followed by the head and neck. The unusual finding of multiple foci present in a single individual was present in 5 cases (3.6%). There were three cases (2.2%) of cysticercosis of the oral cavity, which is also an unusual location for cysticercosis. Similar observations about oral cavity region have also been reported by other authors.\[[@ref15]\] A comparison about distribution of the site of lesions with a previous large series\[[@ref7]\] has been attempted \[[Table 4](#T4){ref-type="table"}\].

###### 

Anatomical distribution of cases --- comparison with a previous study
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Demonstration of fragment of larval bladder wall, hooklets and calcareous corpuscles confirms the diagnosis of cysticercosis.\[[@ref7]\] In our series, fragments of the larva was seen in 129 cases (94.2%), and hooklets in 38 cases (27.7%), whereas Handa *et al*.\[[@ref7]\] have reported significantly lower percentage of cases with these findings in their series. Similarly, our series had significantly higher percentage of cases with cytological findings of calcareous corpuscle and epithelioid cell granulomas. A comparison about cytological findings of our series with that of Handa *et al*.\[[@ref7]\] have been presented \[[Table 3](#T3){ref-type="table"}\]. The presence of scolex in cytology smears is an uncommon finding.\[[@ref16][@ref17][@ref18]\] In our large series also, it was a rare finding and scolex was seen only in 1 case. In the presence of marked necrosis, the diagnosis of cysticercosis on FNAC is difficult. The hooklets and calcareous corpuscles remain the only recognizable parasitic structures in such cases.\[[@ref7]\]

The local immune response of the host to the parasites is extremely variable and ranges from an insignificant response to marked inflammatory cell infiltration with histiocytes and formation of epithelioid cell granulomas. It initially comprises of macrophages and lymphocytes followed by the appearance of palisaded histiocytes. Eosinophils and plasma cells appear still later. Subsequently, neutrophils surround and invade the parasite and lead to its degeneration. Epithelioid cell granulomas can also be present in the later stages. Foreign body giant cells are invariably present in surrounding inflammatory zone.\[[@ref19]\] This whole spectrum of inflammatory reaction against the parasite was also observed in our series as well.

Conclusion {#sec1-5}
==========

Fine-needle aspiration cytology helps in early diagnosis of cysticercosis and helps in proper management of the disease. The cytological diagnosis of cysticercosis is quite straight forward in cases where actual parasite structures are identified in the FNA smears. However, in a few cases, none of such features may be present, and the inflammatory infiltrate may also be variable. In such situations, biopsy and subsequent histopathological examination helps in pinpointing the diagnosis. It should be kept in mind that cysticercosis is much more common in our part of the world than usually thought. Hence, in all inflammatory/cystic/inflammatory-cystic lesions, the possibility of cysticercosis should be kept in consideration.
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